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Fuel Injection Valve for Combustion Engines 



Description 

rectly controlled manner to ex* into etettroma gnet coil arrangement to 

ment cooperating with same. 

l^on or oy a spe* modulaoon of roe aroke of the nozzle needle. 
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for me advanced development of efficient fuel injection valves, 
cycles of approx. 100 us oemg succe eded. In addition, the 

^c;r^ra= 5 r:si a9 ---;r 

is stii, «** owing to the h*h dynamic^ d .he 

direct injection. 

Cmm DE 100 05 182 Al an electromagnetic in]ecbon valve is known for controlling a 
Tauan 1 ^1 into a common engine, ceasing a vaive body which may 
Taauatd W a^ etectromagnet coi, system, witt the valve body cooper* ng w*h an 
latrotf tte magnet of the electromagnet coil system. The dedslve feature of the 
II is flat the electromagnet coil system comprises at least two corls w,th 
which are arranged symmetrically and concenb-ically to the 

sion and the occurring eddy currents. 
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inadequate. 



Problem on which the Invention is Based g 

According., -e is ^^^"S; has a —I and 

and economic arrangement of a fuel jn,ect ^ ^ ^ , 

,s suited for the application ,n large scale senes ^ 

5uf „cen«y high number of ^~"£S£2 aims at providing such fuel 
the required opening/closing forces. The present 



injection valves. 



inventive Solution arrangement of the above-mentioned 

The invention solves th,s problem with » ^ which at least 

type in that the magnet yolce arrangement <"£~~L which are adapted to 
p^ally aro surrounded by electromagnet «* -"J*^ , ands . ^ , 
U a reverse electrical current each a, oj£* ** actua . 
was surprisingly found that » * not inherent ^ and 

bon means as valve drive to a p,ezo linear of „. etesBmes - 

nebc actuation means ,s able to achieve t ^ opfin . 

vid e the required ^'^^^ mo. stm.es per worK- 

with an electromagnetic actuation means. 

,„ g/ dosin 9 cycles of approx. 40 to 50 us and ess^ ^ ^ ^ 

te an efficient moror management *e pcsabfe ^ ^ 

injection valve m that with me jnven lmate |y 3 to 6 time longer 
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t , H»r«, the outer iron rings have a smaller cross-section 
geometry of the pole £n£ H ^ ^ ^ ^ 

^^^^ 

SKT- nrratu. arrangement, v«h wKh the invenhon res* e. S . ,n a, 
XlvV-lght magnet armature with improved valve dynamics. 

In a first emDoa.me nreferably approximately 5 to 20 

times, and partrculariy preteraoiv pp arrangement in a 

he^een the magnet yoke anang^t a of me pole 

rest position of the ^^^T^SZJ^ of the magnedcally 

or 4— -.nstallahon diameter, length, reguired valve 

stroke, valve member dynamics, etc.). 

n tn the fact that the pole lands have an essentially asymmetric shape with respect 
in this respect. 

arranged parallel to one another. 
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: T e ™2 c0 „ dU cbng band and the sheet meal band conning soft ,ron are 
X„,ng atone longitudinal edge each in an elearically instated manner. 

,„ order to realise particularly siender or eiongated structures with high holding or 

a cLde arrangement of several valve dhves along the ax,s o, mohon 
-ngemer* may be effected in thatthe actuaflon means compnses more 
C one assemb, , the magnet yoke engagement, and the magnet anma^ * ■ 
rangement. These assemblies act collecbvely on the valve arrangement - either the 
same sense or in opposite senses. 

According to the invention, the actuation means acts on a movable valve n^mberin 
o2 to move it relative to a stationary valve seat which cooperates wrth the valve 

:::::: > «^ - «« « « ---^ and a 

dosed posihon. Thereby a direcdy switching valve arrangement can be realised. 

,n anoflrer embodiment of tte invendve fuel Injecbon valve the ™"» 
on a movaWe valve element in order to move it relative to a stabonary valve seat 
wh^rates w»h the valve member between an open posibon and a dosed pes,- 
«on menables a controlled drainage of fuel into a return pipe if a second spnng- 
^de^e element together wittr a second valve seat is no. opened by the pressure 
in aTclbuL chamber, and a controlled drainage of fuel in* the com- 
STdl, if the second spring-loaded valve element ^th — 
valve seat is opened by the pressure prevailing in the combushon chamber. Thereby 
directly switching valve arrangement can be realised. 

According to the Invendon the magnet yoke arrangement and/or the magnet armafcre 
aCment may be ar.nged eccentrically or asymmetfcally about a centre ax,s of 
the fuel injection valve. 

in a preferred embodiment the soft magnebc magnet yoke arrangement may be 
3tf at least twoioined dish pah, wfth recesses, with one <~>™**°* 
algement e*ch being accommodated In each recess, which In the d,re*on o 
movement terminates essenoally flush with the respective face o, one of Are d,sh 



30A-92 764 



Mrts „ith the faces together defining a cavrty in which the magnet armature ar- 
!£Lt is supported so as to he movable atong the cent, iongitudina, ax,s. 

The electromagnet coil arrangement may be formed at least on one side of the soft 
2, * mag et armature arrangement by one or several electromagne cofe wh,ch 
» approximately flush with one of the faces of one of the dish halves. 

The individual annular coils may have a thickness of approx. 20 to approx. 80% of the 
Z e. yoke iron. Tne ,nd«ua, colls on one side of the son magn*c magnet arma- 
ture arrangement may also be adapted to be supplied w,tn reverse current. 

in addition the yoke iron may be formed by iron plates which are Insulated against 
o„I another between the MM* coils on at feast one side of the soft magnehc 
magnet armature arrangement. 

The invenuon is based on the principle of orienbng the electromagnet coil arrangement 
2 "net armature arrangement essenrially under right angles relabve to one 

another. 

According to the invention the magneto arrangement and me magnet armature 
anient may overlap at least partially, preferably completely, In a rad,al direcbon 
Z2Zt centre tongitudina, axis. Thereby a partly efficient magnebc arcuit 
is realised which allows very short valve opening/dosing bmes. 

in an embodiment of the inventive fuel injection valve the magnet yoke arrangement 

Z rcX ed as an essendally cylindrical soft magnebc disk body «h gaps wh,ch 

or fcngenhally wi* respect to the centre tatfuM « These 
are onented y ^ ^ yoke arrange . 

material of the soft magnetic disk body. 

in another embodiment of the inventive fuel injertion valve the magnet armature 
~ nt may be formed by two or more strip-shaped soft magnebc 
a™ pat* separated. In this case, too, me spaba, separation may be provded y 
for increase the sfcbilfty, by a materia, which has a higher magnebc 
resistance than the material of the strip-shaped soft magnetic portions. 
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Tne magnet armatura arrangement may be configured as a soft magnetic d*k body 
^ZL preferabV slots or elongated holes whicb are radially onented and ex- 
T ! of the disk, in Ms case, too, the slots or etongated bote extendmg 

« «- ™V be pH. recesses or, for increasing the may 
formed 1 a mafcrla, which has a higher magnetic res^nce than the matena, of 
the soft magnetic disk body. 

The magnet armature arrangement may also be formed as a multifcyer con^on, 
H . ceramic layer being arranged betoveen W o soft iron layers. Vn lammated 
ZZZ secured at the valve rod. For further improving the sta«y, the two ,ron 
,ayers may also be joined with each otter along the outer circumference. 

in addibon the soft magnetic armature arrangement and the vaKre member may be 
11^ with each other and be biased by a spring arrangement into the open P os,- 
ZSZ. dosed position and to be brought into the deed posfcon or me open pos,- 
tion by current supply of the magnet coil arrangement. 

According to another embodiment of me invenbve fuel injection vaWe two of the above 
d^ted actuation means may be proved which act on the vaive member ,n d* ^ 
o^ite sense and bring same under the respective current suppV into me dosed or 
open, respectively, position. 

The invenbve fuel injection valve may be adapted and dimensioned to pmtrude into 
the Ibusbon Camber of a combusts engine w*h extern* suppiied ,gn*,on or 
into the combustion chamber of a combustion engine with self-ign,bon. 

Former advantage, embodiments, or modification possibilities will result mam the 
following description of the figures which explains the invention ,n deta,l. 

according to a first embodiment of the invention. 

Z2 is a schematic plan view of a crass-section of a soft magnet armature arrange- 

mpnt of Fia. 1 along the line IWI. 

a schematic plan view o, a cross-section of a soft magnet yoke arrangement 

of Fia 1 along the line IIWII. 

°!g t is a schematic pfcn view of a soft magnet yoke arrangement with a magnet co„ 
arrangement. 
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F ,a 5 is a schematic plan view of a ooss-secdon of a soft magnet yoke arrangement 
and ™g^» algement according to a second embodiment of the mvention 
F," plan *ew of a cross-seddon of a soft magnet yoke arrangement 

„d m J£Z* arlgemen. according to a third embrfimen, of the invention. 
X 7 r^Udve side view of the soft magnet yoke arrangement and a magnet 

ture arrangement comprising a box profile. 

Detailed Description of Currently Preferred Embodiments 

a m injection valve wfth a va*e hosing 10 which is 

about a centre longitudinal axis M as a schematic longfrud.nal section ,n a 
symmetrical^ about a^ M 9 w , nt0 the 

1 Thas* rad* oriented lateral M inlet 12 thra«h which fuel may flow into 
rJ££^ *** has been pressurised by means of a pump, now *own ,n 

catedby winrg At the end 0 f the central fuel channel 16 a valve ar- 

"busbon chamber of tire combustion engine in a continued manner. 

The valve arrangement 20 Is formed by a valve member 20a located in the centra, fuel 
Innt e a d^pered towards the fuel outiet 18 and a va,e seat 20b coopera ng 
wThl valve member 20a, which is configured corresponding to the shape of the 
valve member 20a. 

The vahre member 20a Is connected wHh an actuation means 24 which may to efetri- 
ZZL m order to move one va,e member 20a between an open and . do- 
^tion 0 Fig. 1 upwards and downwards). Thereby pressurised fire, from the fuel 
^Iu2 which fiows through tire centra, fuel channel 16 is ejected In a controlled 
manner through the fuel outlet 18 into the combustion chamber. 

The actuation means 24 is formed by an eiectromagnet coil arrangement^ 24a, a soft 
magnetic magnet yoke arrangement 24b cooperating with same, as weH as a soft 
la etic magnet armature arrangement 24c cooperating with samej* , soft mag- 
nelmagr^oke arrangement 24b is fonmed by 1™>d,sh halves 24b and 24b 
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m. 26b which are joined approximately at the height of the section line II- 
II. me recesses defined by po e lands 25a, 



24b". 



The faces 27a, 27b of the dish halves 24b' and 24b" define a arty 28 in which the 
STJL» element 24c is accommodated so as to be movaUe along the 



centre axis M. 



,n the arrangement shown in Hg. 1 the electromagnet coil arrangement or the mag- 
Itr^ngemen*, respectively, have the configuration shown .n F,g. 4 wherem 
Z Elands 25a, 25b have an essentially quadrangular shape and are arranged 
iCbo one other under the formation of spaces for accommodating the el*- 

* pCder or to assembte and adhesWely Join if quired, from several ,nd,v,dua, 
pieces which are insulated against one another. 

HB. 2 shows the soft magnetic magnet armature arrangement 24c » has a soft mag- 
1- armature disk 24c which is arranged about the centre ax,s M. In order to keep 

e Tow as possible the armature disk 24c is provided with rad,a, V onented 
a r 6 TheTls have the shape of slots 36 which extend to the edge 30 of ft. 
S^rr-H-* radially oriented segments 25 are created wh« are pined 
in the centre of the disk 24c. 

r , chr», a cross-section of the soft magnetic magnet yoke arrangement 24b. In 
£ X TXrren* induced in the magnet yoke arrangement 24b during 
* 1 04 fte -u. Section valve as low as posSrble the ™*"« ^«^ 
2 4b is provided with a plurality of radially oriented vertical gaps 36 n tine shape of 
slots, in order to make the fuel injection valve fluid tight a material land 38 < provrded 
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between the slots 36 at the outer wall, which provides for a dosed shell 
^"v the dosed she,, surface may a,so be provided at the radial Inner ends of the 
Zl Th,s brings about *e advantage of an Impmved heat transfer from *e rnag- 
neTyoKe. ™ «wo dish halves 24b' and 24b" o, the magnet yoke arrangement 24b are 
provided with the slots 36. 

From the above ,t will be apparent that the electromagnet coil arrangement 24a and 
the rad,ally oriented segments 25 of the soft magnetic armature disk 2* : may be 
oriented at right ang,es to one another. It is understood hat « * 

realised either ,n the above described fomr with the radially onented segmenb £ of 
the armature arrangement 24b and a helica, electromagnet co,l arrangement 24a or 
magnet yoke arrangement 24b, respect^, or vice versa. But also w* armature 
parts and a star-shaped electromagnet coil arrangement. 

The magnet armature arrangement 24c is a drcular iron-containing disk the shape of 
which will be desaibed in detail further below. The electromagnet coil arrangement 
^and the magnet armature arrangement 24c overlap in the radial d,recbon w,th 
^ » the Jntre axis (M). As shown in Fig. 1 the eledromagnet coi, arrangement 
*ats a smaller outer diameter than the armature disk 24c so »* 
from »e electromagnets arrangement 24a enters the armabura d,sk 24c under 
lally in*ni fi cant stray losses. Thereby a particufcriy efficient magne c orou* 
^ised which allows very short valve opening/ dosing rimes as we,, as h,gh hold,ng 
forces. 

independent of the configurabon of the magnet yoke or the magnet coil arrangement, 
r^vely, the armatura disk 24c may aiso be a conbnuous drou,ar disk of soft iron, 
provided the above described configurabon of the magnet yoke or the magnet co,l 
arraTgemen, respectively, ensures that me stray tosses or the eddy currant losses, 
respectively, are sufficiently small for the respective applicabon. 

As illustrated in Rg..l the anmature d,k 24c is 

22 and accommodated in an armature space 34 which is defined by the d,sh halves 
24b' and 24b" of the magnet yoke arrangement 24b and guided for movement ,n the 
longitudinal direcrion in me pipe 17 along me centre axis M. The armabure d.sk 24c 
2 the actuabon rod 22 is biased by a helica, spring 40 which is arranged coax^y to 
the centra axis M, so that the valve member 20a which is located at the end of the 
actuabon nod 22 is seated fiuid right In the valve seat 20b, i. e. that ,t ,s urged rnto ,ts 
■ = *sed posirion. Upon current supply to on* of me dolls (e. g. 24a') of the electromag- 
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„« con arrangement 24a, a low eddy current magnetic field b .nducec I ,n »e magnet 
1 arrangement 24b, whfch draws the armature disk 24c with 22 
towards the relevant dish half 24b' in which the current-carrying co,l . located 

valve member 20a moves off the valve seat 20b into its open posibom 
Zn cult supply of the other coil (e. g. 24a") of the electromagnet co,l arronge- 
Z 4^e valve member 20a moves in the relevant other direction towards the 
ZI H in* its ctosed posKon. A helica, co« 40 at the end of the actuatior , rod 
Ttol* »e va,e member 20a ac* on same and maintains the valve em er 20a 
with the currendess electromagnet coil arrangement 24a in its closed posfcon. 

ftnomer embodiment of me invention which is not shown in deM consists in coupimg 
^ (two or more) armature dfcks 24c widr the valve member 20a » ft. equation 
" 22 Zo which a coil yoke arrangement acts from one or from bod, sdes. More- 
1 * coi, a^angement 24a at bom *des of the soft magnedc magnet armaturo 
ZZ eme„t 24 may be configured as a multipart component. In th,s case, two or 
arrangements y ^ provided which terminate essen- 

mora electromagnet coil arrangements 24a , 24a are pro 
tiallv flush with the respective faces 27a, 27b of the d,sh hate 24b and 24b . This 
em^mTt ttough of tire same installation volume may have an increased magnetic 
I dtZ and Lefora an Increased valve member holdingforoe and valve member 

^peed. Through the dividual coils on one side (above or below, respe. 
^ly) of the respective magnet armature arrangement 24c a reverse current ,s after- 
^ flowing. The yoke iron between me individual coils 24a of one Side may be 
formed hero by iron plates which are insulated against each other. 

The two embodiments are shown with electncaliy controllable equation means 24 
The™ a central actuation rod 22 is moved by a disk-shaped magnet armafcre a, 
«nt 24c. ft is also possible to provide a tube in lieu of me centra, actuation rod 
22, at the face of which the magnet armature is arranged. 

,„ me embodiment of the magnet yokre or the magnet coils, respectively .according to 
; leach indMdua, pole tond is surrounded by a separate winding. For ta*. of 
clarity, not all the pole iands are illustrafcd with eiectromagnet a* ««M " 
Rg 4 All electron^ coil arrangements 24a' and 24a" are e,ther wound ,„ » 
opposite sense and supplied with egu^onal current, or in the case of ^dno 
tional windings are supplied with reverse current in order to guide a reverse electnca, 
current each at opposite flanks 25a', 25a" of the pole lands 25a, 25b. 
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Alternatively, It is also possible to configure the electromagnet coil arrangement as 
" 5, whe Jn one (or several) windings is (are) inserted in meander fash,on 
71 reclses 26a, 26b between the pole lands 25a, 25b of the magnet yoke ar- 

25a 25a" of each of the pole lands 25a, 25b. As can be seen, the pole lands 25a, 25b 

and to — » «» « arran96d IT 

o the centre axis M of the foe, injection valve, w*h at least one electromagnet co„ 

^ent 24,, 24a" parrially enclosing non-drcular pote lands in such a manner 
that a reverse electrical current is guided by at their flanks. 

The embodiment of an electromagnet coll arrangement 24a illuahated in Ffcures 6 and 
^ manufactured as an integrated arrangement wim the soft magnebc magnet yoe 
Igement which cooperates with it. For this purpose, an elongated yoke p«e 50 
which contains soft iron is sunounded on either side with a conductor stop 52 by 
Sesame about a longitudinal edge 50' of the yoke pla* 50 which ,n ttreflmshed 
condition will be located in the interior. Adjacent (o me conductor stnp 52 a sheet 
Zl Ld 54 containing soft iron is arranged which has exacfly the San. i th^ness as 
^conductor strip 52 and is also bent about me longitudinal edge 

50 which in the flnfched condfcn will be tated in me intenor. The she* metal 
bat 54 arranged adjacent to the conductor strip.52 serves to form *e back of the 
ma^ yoke tether wim «. pomon of the yoke plate 50 wfth which ,t ,s ,n plane 
n the finished Virion. The conductor strip 52 protrudes beyond »e*ere 
"nldinal edge 50" of the yoke plate 50, which in the flnished cond,bon ,s located at 
ToX at bom ends for electric contact making. Then a second layer of an *n- 
gald yoke Plate 56 which contains soft iron is placed against it so drat a ,am,n «d 
SLre coning of the first yoke piate 50, the conductor strip 2, and « 
metal band 54 as well as of the second yoke plate 56 is generated. Th,s laminated 
^ ^helically rolfcd up in »e fashion as shown 
ne overall structure consisdng of a col, and of a yoke. After the he„cal rolhng up <f* 
Z and second yoke plate 50, 56 are arranged dose to one pother and tt. o rail 
secure is a cylindrical wound body. It is understood mat the conductor stnp 52 . 
electrically insulated against the soft iron part 50, 54, 56. 

The air gap between the magnet yoke arrangement 24b and the magnet armature 
a^noement 24c which is coaxial with the centre longitudinal ax,s M is ,n the rest 
pZnT^ctuabon means 24 appro, 10 rimes as large as the pitch dimer^n of 
Hole Ws. in this embodiment the pitch dimension is the transverse , d.mens « of 
2 P* M . in the embodiment of me magnet yoke arrangement 24b accord.ng to 
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configuration along the valve rod 22. 



